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结构上不同位置的高度和宽度 RSD分别为 1.46%和 0.42%，利用该模具批量制作












































































Lab-on-chip is a multi-disciplinary technology, which adopted microfabrication 
technology to miniaturize the traditional laboratory into chips and provided platforms 
for studying the processes of chemistry and biology. Due to the advantages such as 
miniaturization, integration, automotivation, fast-analysis and low-consumption, 
lab-on-chip has been found widespread application prospect in many fields including 
drugs screening, clinical diagnostics and environmental monitoring. 
The structural unit size of chips is about micrometer to sub-millimeter, at this 
scale, many physical chemistry laws change significantly. One category of the 
prominent characteristics is surface phenomena, such as wettability, electroosmosis 
and surface tension, which will dominate many performances in micro-system. 
Studying on these surface characters would be helpful for understanding of the 
physical and chemical laws in micro-scale and developing new unit operations for 
micro-technology. Therefore, physical chemistry is an important subject closely 
related to lab-on-chip, which provides the theoretical and technical support for not 
only the special surface phenomena but also the development and application of micro 
chips. 
Microfluidic chip and microarray chip were the researching hotspots and 
emphases of lab-on-chip. The main purpose of this thesis is to develop new unit 
manipulation methods and technologies in microfluidic chips such as fabrication, 
sample pretreatment, separation and detection based on principles and technologies of 
physicochemistry. Furthermore, coffee ring-stian effect, which could seriously 
influenced the quality of microarray chips was investigated and resolved by surfaces 
with special wettability. The main work and results are summarized as follow: 
 
1. Rapid fabrication technology for microfluidic chips 















developed to fabricate rapidly glass-based microchips, in order to alleviate the cost- 
and time-consuming process of lithography during fabrication of glass microchips. 
Using the electrochemical etching process by means of patterned agarose mould, 
microchannel with width less than 50 micrometer could be fabricated in 120 seconds, 
and high-accuracy micromachining was achieved. Combined with wet-etching and 
thermal bonding technology, glass-based microchips could be rapidly fabricated with 
low-cost. 
A hot embossing technology was develope to rapidly fabricate PMMA-based 
moulds for PDMS-based microchips, in order to solve problems that large numbers of 
moulds were necessary for mass production of polymer chips. Using this technology, 
a PMMA mould with high quality could be obtained in less than 30 minutes, and the 
relative standard deviation (RSD) value of the height and width of the convex 
structure in PMMA moulds was only 1.46% and 0.42%. Replicated from the PMMA 
mould, PDMS microfluidic chips could be fabricated, and the RSD value of the 
characteristic parameter of the micro-channel on the chips were all less than 3%. 
CO2 laser direct-write technology was established to fabricate PMMA-based 
microchips which could be done in 30 minutes, in order to keep up with the 
fast-changing designs in laboratory studies. The effect of laser power, frequency and 
writing speed on the quality of the chips was evaluated. Furthermore, we found and 
solved the problem that in thermal bonded chips, the recast layer would block the 
channel in the cross section area. 
 
2. Integration of nanofiltration membrane with microfluidic chip 
The rejection characteristics of inorganic ions and amino acids by nanofiltration 
membranes under an electric field were investigated. The results showed that the 
nanofiltration membrane had different permselectivity for the ions with different 
valences, and the rejection rate of FITC-labled amino acids reached almost 100%. 















was developed through CO2 laser ablation and thermal bonding. Electrophoretic 
preconcentration and separation of amino acids was achieved on the chip, 
FITC-labeled amino acids could be preconcentrated for more than 1000 times. 
A glass-based microfluidic chip was designed and fabricated for preparation of 
nanofiltration membranes by means of interfacial polymerization. In-situ preparation 
of nanofiltration membrane was studied in the microchip based on the laminar flow 
effect. 
 
3. Preparation and mechanism research of superhydrophilic aluminum oxides 
An electrochemical method was developed to prepare superhydrophilic 
aluminum oxide surfaces. By controlling the electrochemical conditions, anodic 
aluminum oxide (AAO) films with different surface structures and roughenesses 
could be obtained, and the relationship between the morphology and wettability of the 
AAO films was investigated. We found that the formation of “bird’s nest”-liked 
microstrucure was necessary for the superhydrophilicity. The results provided 
experimental evidence for “3D capillary effect” theory proposed by Bico et al. 
 
4. Applications of superhydrophilic/superhydrophobic patterned surface in 
lab-on-chip 
An etching technology based on oxygen plasma was developed to prepare 
hydrophilic/hydrophobic patterned surfaces. Suppressing the “ring-stain effect” with 
these patterned surfaces was proposed and investigated. We showed that “ring-stian 
effect” decreased with the increasment of surface free energy differences between 
hydrophilic and hydrophobic regions, so that the spot uniformity of microarrys could 
be improved significantly by superhydrophilic/superhydrophobic patterned surfaces. 
Furthermore, the ring-suppressing mechanism was explained theoretically and 
experimentally, and we finally revealed that coffee ring stain was suppressed through 
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